Cardiovascular risk factors and atherosclerosis precursors were examined in 365 Turkish children and adolescents. Study participants were recruited at five different state schools. We tested single and multi-locus effects of six polymorphisms from five candidate genes, chosen based on prior known association with lipid levels in adults, for association with low ( £ 10 th percentile) high density lipoprotein cholesterol (HDL-C) and high ( ‡ 90 th percentile) triglycerides (TG), and the related continuous outcomes. We observed an association between CETP variant rs708272 and low HDL-C (allelic p = 0.020, genotypic p = 0.046), which was supported by an independent analysis, PRAT (PRAT control p = 0.027). Sex-stratified logistic regression analysis showed that the B2 allele of rs708272 decreased odds of being in the lower tenth percentile of HDL-C measurements (OR = 0.36, p = 0.02) in girls; this direction of effect was also seen in boys but was not significant (OR = 0.64, p = 0.21). Logistic regression analysis also revealed that the T allele of rs6257 (SHBG) decreased odds of being in the top tenth percentile of TG measurements in boys (OR = 0.43, p = 0.03). Analysis of lipid levels as a continuous trait revealed a significant association between rs708272 (CETP) and LDL-C levels in males ( p = 0.02) with the B2B2 genotype group having the lowest mean LDL-C; the same direction of effect was also seen in females ( p = 0.05). An effect was also seen between rs708272 and HDL-C levels in girls ( p = 0.01), with the B2B2 genotype having the highest mean HDL-C levels. Multi-locus analysis, using quantitative multifactor dimensionality reduction (qMDR) identified the previously mentioned CETP variant as the best single locus model, and overall model, for predicting HDL-C levels in children. This study provides evidence for association between CETP and low HDL-C phenotype in children, but the results appear to be weaker in children than previous results in adults and may also be subject to gender effects.
Introduction

P
rospective epidemiological studies have shown that unfavorable serum lipid levels, such as raised levels of total cholesterol (TC), triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), together with decreased levels of high-density lipoprotein cholesterol (HDL-C), are important risk factors for cardiovascular disease (CVD) and form a target for therapeutic intervention . In addition, cardio-metabolic risk factors in childhood confer substantial risk for future CVD in adulthood (Magnussen et al., 2010) . In recognition of the potential implications for public health, screening for cardiovascular risk factors in children is now recommended by the American Academy of Pediatrics (AAP), American Heart Association (AHA), and National Heart, Lung, and Blood Institute (Expert Panel on Integrated Guidelines for Cardiovascular Health and Risk Reduction in Children and Adolescents, 2011; Daniels et al., 2008; Weintraub et al., 2011) . However, lipid levels change with age, puberty, race, and gender among children and adolescents (Hickman et al., 1998) . For example, HDL-C levels decrease and TG levels increase after puberty (Agirbasli et al., 2010; Berenson et al., 1981) and the trajectory of these changes and how they affect the risk of CVD are not well understood.
Adding to the complexity of using dyslipidemia (low HDL-C, elevated non-HDL-C and TG) as a predictor of CVD risk is the fact that dyslipidemia itself is a complex trait caused by multiple environmental and genetic factors and their interactions (Evans et al., 2011; Teslovich et al., 2010) . Recently, several genetic loci that influence lipid levels in adulthood have been reported (Oliveira et al., 2010) ; alleles in ATP binding cassette transporter (ABCA1), hepatic lipase C514T (LIPC), lipoprotein lipase S447X (LPL), and cholesterol ester transfer protein (CETP) Taq1B affect HDL-C and triglyceride levels in adults (Hodoglugil et al., 1999; Pan et al., 2012; Rip et al., 2006; Weissglas-Volkov et al., 2010) Similarly, sex hormone levels and sex hormone binding globulin (SHBG) have important effects on lipid levels (particularly HDL-C) in children and adolescents (Agirbasli et al., 2010; Garcés et al., 2010) . Additionally, genetic variations in SHBG (rs1799941 and rs6257) associate with circulating sex hormone levels in adults (Dunning et al., 2004; Eriksson et al., 2006; Haiman et al., 2005) .
In this study, we assessed the relationship of six variants in five genes that previously associated with lipid levels in adults. We tested the single and multi-locus effects of the gene polymorphisms (rs328 in LPL, rs708272 in CETP, rs1800588 in LIPC, rs1800977 in ABCA1, and rs1799941, rs6257 in SHBG) on the concentrations of the serum lipids and body mass index (BMI) among Turkish children and adolescents.
Materials and Methods
Cardiovascular risk factors and atherosclerosis precursors were examined in Turkish children and adolescents in 2007. The subject demographics are displayed in Table 1 .
Study participants
Five different state elementary and secondary schools were selected. Elementary and secondary schools (Cengelkoy, Mehmet Rauf, Yavuzturk, Dorduncu Murat, and Remzi Bayraktar) were all located in the Uskudar region of Istanbul, Turkey. Subjects were instructed to fast for at least 12 hours prior to screening. Their compliance was ascertained by an interview on the day of examination. The fasting status was based on self-report. Screening took place at schools during normal school hours and blood samples were drawn at 9 AM. Students who did not want to participate in the survey were excluded (approximately 10% for elementary school children and 20% for secondary school students). The Institutional Review Board of Marmara University, Istanbul, and the Educational Board approved the study protocol. Informed consent was obtained from parents or guardians. Subjects were given case numbers and identities were kept confidential.
Biochemical analysis
Lipid and glucose levels were measured by enzymatic colorimetric-assay method using Cobas Integra 800 kits (Roche Ò Diagnostic). Analyses were performed in an accredited laboratory (Centro Laboratories, Istanbul, Turkey). The laboratory is accredited by DAR (Deutscher Akkreditierungs Rat) according to ISO 15189 of the clinical laboratory accreditation committee. Measurement uncertainties of each method at the time of analysis were 1.5% for total cholesterol, 1.8% for triglyceride, 2.7% for HDL-C, and 1.6% for glucose. Homeostasis model assessment-estimated insulin resistance (HOMA-IR) is calculated using the formula (glucose (mmol/L) · fasting insulin (lU/mL)/22.5). 
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Lipid levels
We used the National Heart Lung and Blood Institute Growth and Health Study (NGHS) to calculate the age and sex-specific lipid percentiles (NGHS Coordinating Center, 1998) . TG level ‡ 90th percentile or HDL-C level £ 10th percentile from NGHS data were defined as 'high TG' and 'low HDL-C', respectively (Table 1 ). In addition, we used alternative cutoffs to assess the robustness of our results: TG level ‡ 75th percentile and HDL-C level £ 25th percentile (Supplementary Table S1 ; supplementary data are available online at www.liebertpub.com/omi).
Determination of the genotypes
Two mL of venous blood from study subjects were collected in tubes containing EDTA and then stored at + 4°C. Genomic DNA was isolated from peripheral blood leukocytes using High Pure PCR Template Preparation Kit (Roche Diagnostics GmbH, Mannheim, Germany) within 1 week of sample collection. LPL stop codon polymorphism rs328 (S447Ter (terminal codon), ABCA1 promoter polymorphism rs1800977 (C14T), LIPC promoter polymorphism rs1800588 (C514T), and CETP promoter polymorphism rs708272 were analyzed using polymerase chain reaction (PCR)-restriction fragment length polymorphism (RFLP). A base substitution from G (B1) to A (B2) in intron 1 of the CETP gene leads to 3 genotypes, B1B1, B1B2, or B2B2 at Taq1B site (5454G > A). SHBG polymorphisms, rs1799941 and rs6257 genotyping was performed by real-time PCR amplification and fluorescent probe melting point analysis on the Light CyclerÔ 1.5 instrument (Roche Ò Diagnostics GmbH) ( Table 2 ). Primers and hybridization probes were designed using Gen Bank cDNA sequence. For the PCR reaction, 50 ng genomic DNA was amplified with the Light Cycler Ò Fast Start DNA Master Hyb Probe Kit (Roche Ò Diagnostics GmbH). Each 20 lL reaction contained 1X Fast Start DNA Master Hyb Probe, 1.5 mM MgCl 2, 0.3 lM each primer, and 0.15 lM hybridization probe. After initial denaturation step at 95°C for 10 min, amplification was performed using 45 cycles of denaturation at 95°C for 5 sec, annealing at 55°C for 20 sec, and extension at 72°C for 20 sec. This was followed by a melting curve analysis of 95°C for 0 sec, 40°C for 30 sec, and a slow ramp (0.1°C/sec) to 85°C with continuous fluorescent acquisition.
Statistical analyses
Prior to association testing, all SNPs were tested for deviations from Hardy Weinberg Equilibrium (HWE), as this test can serve as a means to assess genotyping error. This was done using the software package PLINK (Purcell et al., 2007) . A HWE p < 0.01 was considered to indicate a significant deviation from equilibrium. For continuous data analyses, the Shapiro Wilkes test was used to determine whether data were normally distributed. In cases where data were found to be non-normal, ( p < 0.05), the data were log transformed in an attempt to make the distribution normal. When successful, log transformed data were analyzed using appropriate methods; when transformation did not bring data to normality, nonparametric analytical techniques were used. Specifically, for continuous normally distributed data, the analysis of variance (ANOVA) test was used to determine if there was a significant difference in variable mean by SNP genotype; in the case of non-normal data, the nonparametric Kruskal-Wallis (K-W) test was employed. ANOVA and K-W analyses were performed using the statistical package STATA 10 (StataCorp. 2007).
For case/control analyses (Low HDL and High TG), allelic and genotypic Chi-square tests were used to investigate associations between SNP genotype-phenotype in the full dataset. The Fisher's Exact test was implemented when the Chi-square test was inappropriate due to small sample size (cell n < 5). Chi-square and Fisher's Exact tests were carried out in PLINK.
The Prevalence-based Association Test (PRAT) is a single locus test that is methodologically different from the chisquare test of association and is based on Hardy-Weinberg principles (Ryckman et al., 2008) . PRAT tests the expected 
rs328 is an LPL gene stop codon SNP, S (serine amino acid) 447Ter (termination codon). LPL S447X (rs328) involves a C/G change at nucleotide 1595 of the LPL gene, which leads to a change in amino acid 447 from a serine (S) to a stop codon (X). Heterozygotes for the X447 allele are displayed as SX and S447 homozygotes are listed as SS. Analyses were performed in all subjects (male and female combined).
1 Hardy Weinberg Equilibrium test p value is presented.
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case and control genotype frequency distributions against expected values estimated from prevalence of the phenotypes and the allele frequencies within case and control groups.
Depending on the genetic model of the phenotype, PRAT has been shown to be as or more powerful than standard tests for association, and serves to validate associations detected using chi-square analyses. PRAT analyses were corrected for multiple tests using permutation (n = 1000). PRAT analysis was carried out in the software package PLATO (Grady et al., 2010) . Logistic regression analysis was used to reveal the direction of single SNP effects on low HDL-C and high TG phenotypes separately among males and females, in order to reveal possible gender-specific effects. Logistic regression results were adjusted for age, body mass index (BMI), and insulin resistance (HOMA-IR). Logistic regression analysis was performed using the STATA 10 software package. Corrections for multiple testing were done using the false discovery rate (FDR) for tests that did not generate an empirical/permutation p value. FDR q was set at 0.15.
Multi-locus analysis for low HDL-C and high TG
Recognizing the complexity of both HDL-C and TG, we performed quantitative multifactor dimensionality reduction (qMDR) analysis in order to reveal the presence of multi-locus interactions, or epistasis in our phenotypes (Gui et al., 2013) . Multifactor dimensionality reduction (MDR) is a well-known nonparametric method for detecting epistatic interactions with or without the presence of a significant single locus effect in dichotomous data (Ritchie et al., 2001) , and the quantitative version (qMDR) is optimized to use the same principles for continuous outcomes. In qMDR, for each single/multi locus genotype combination, the mean trait value is calculated and then compared with the overall mean trait value in the total sample. If the mean value from the genotype group is larger than the overall mean, then the genotype is considered ''high-risk;'' otherwise it is labeled ''low-risk.'' The trait outcome is then compared between high and low risk groups using a T-test, the corresponding t-statistic is used to define the ''training t-statistic'' using only 1/10 of the data and the ''testing t-statistic'' using the remaining 9/10 of the data. The ''testing t-statistic'' is the metric that is used to identify the best overall model. The null distribution of the testing t-statistic follows the normal distribution with mean 0. The normal distribution was used to estimate empirical model p values based on the testing t-statistic with n-1 (359) degrees of freedom. In order to increase our power, we analyzed HDL-C and TG as continuous variables using qMDR in the full dataset only.
Results
A total of 365 children and adolescents were enrolled in the study (175 boys, mean age 12.8 -3.4 and 190 girls, mean age 13.2 -3.3). Genetic analysis was performed in 360 subjects as DNA was not available for 5 male subjects. Demographics are displayed in Table 1 for all subjects with available genetic data (n = 360).
Distribution of gene polymorphisms
The chromosomal location, allele definitions, and frequencies, and HWE p values for genotyped SNPs are presented in Tables 2 and 3 . All HWE SNP p values were p ‡ 0.01).
Dichotomous analysis of low HDL-c and high TG by genotype groups
Overall 47 (36 males, 11 females) and 45 (27 males, 18 females) subjects had high TG and low HDL-C respectively (Table 1) . Chi-square analysis in the full dataset revealed a significant association between rs708272, located in CETP, and low HDL-C (Table 4) . The allelic association ( p = 0.020) All analyses were adjusted for age, BMI, and HOMA-IR measurements. *Logistic regression models tested were coded additively using three independant genotype categories for each marker, with the homozygous major genotype group as the reference. Genotype group categorizates were as follows; homozygous major = 0, heterozygote = 1, homozygous minor = 2. OR presented above represent the change in odds per each 1 minor allele change in genotype group. 1 OR = Odds Ratio; 2 P value presented is from adjusted logistic regression analysis for association with the specified phenotype. 
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remained significant after correction for multiple testing. PRAT analysis validated the association between rs708272 and low HDL-C (PRAT control p = 0.027, Table 5 ), and also revealed a significant association between rs6257, located in SHBG, and low HDL-C (PRAT case p = 0.030, Table 5 ). Evidence for this latter association was not revealed by the chisquare analysis. None of the SNPs were shown to be associated with high TG in the full dataset. In order to determine the direction of effect of associated SNPs, and also to elucidate SNPs that had differing directional effects by gender that may have caused them to be overlooked in pooled analyses, we performed logistic regression analysis, adjusted for age, BMI, and HOMA-IR, for both dichotomous phenotypes in males and females, separately (Table 6 ). We constructed our logistic regression model by categorizing SNP genotypes into three groups, with the homozygous major genotype serving as the referent genotype. The model assumed an additive effect for each additional minor allele. The models describe the effects of each additional minor allele on high TG and low HDL-C. The minor allele of rs708272 (B2 allele) associated with decreased odds of being in the lower tenth percentile of HDL-C measurements (OR = 0.36, p = 0.02) in females; this direction of effect was also evident in males but the OR was not significant (OR = 0.64, p = 0.21). The rs6257 minor allele (T allele) associated with decreased odds of being in the top tenth percentile of TG measurements in males only (OR = 0.43, p = 0.03); this effect was not seen in females. Additional analyses using the alternative cutoffs (TG ‡ 75 th percentile and HDL-C £ 25 th percentile) produced similar results for all statistical tests (Supplementary Tables S1-S4 ). In the case of rs708272 and HDL-C, the results were more statistically significant as might be expected with increased numbers in the low HDL-C category.
Quantitative analysis of lipids and BMI by genotype groups
In order to further explore the impact of gender in the context of SNP genotype and biometric measurements in our cohort, we performed exploratory analysis using BMI and lipid concentrations as continuous outcomes in males and females separately (Tables 7-9) .
SNP rs708272 associated with BMI in females only ( p = 0.01), with the B1B1 genotype group having the highest average BMI measurements (Table 7) . Analysis of lipid levels in males and females, separately, revealed a significant association between rs708272 and LDL-C levels in males ( p = 0.02) with the B2B2 genotype group having the lowest mean LDL-C; the same direction of effect was also seen in females with marginal significance ( p = 0.05). An effect was also seen between rs708272 and HDL-C levels in females ( p = 0.01), with the B2B2 genotype group having the highest mean HDL-C levels, this direction of effect was also seen in males but was not significant ( p = 0.68) ( Table 8) .
Multi-locus analysis
We performed exploratory multi locus analysis, using qMDR, on HDL-C and TG as continuous variables in the full dataset in order to explore possible higher order interaction effects between SNPs with and without the presence of main effects (Table 9) . qMDR identified the single locus model containing rs708272 as the best model for prediction of HDL-C in the full dataset (CVC = 8/10, empirical p = 0.034) (Fig. 1) . None of the identified multi-locus models for HDL-C were statistically significant. qMDR analysis of TG did not identify any significant single or multi-locus models (data not shown).
Discussion
Dyslipidemic lipoprotein levels in adolescence are associated with an increased risk of atherosclerosis in young adulthood and adolescent lipid levels are more strongly associated with high carotid intima media thickness in adulthood than a potential change in lipid levels later in life (Magnussen et al., 2009 ). Thus, dyslipidemia in children and adolescents increases risk of atherosclerosis even if lipid levels improve by adulthood (Magnussen et al., 2009) . Therefore, the challenge of whether the SNPs and genes already identified affect lipid variation in childhood or adolescence is a crucial one.
Plasma lipids are intensely studied risk factors for cardiovascular disease in adults. Using a candidate gene approach, we examined six SNPs, previously found to associate with HDL-C or TG levels (Dunning et al., 2004; Eriksson et al., 2006; Haiman et al., 2005; Hodoglugil et al., 1999; Pan et al., 2012; Rip et al., 2006; Weissglas-Volkov et al., 2010) in adult populations, for association with dyslipidemia in children. An association is observed at CETP (rs708272) with HDL-C and BMI (in girls) levels. The T allele of rs6257 (SHBG) decreased odds of being in the top tenth percentile of TG measurements in boys. However, none of the identified multi-locus models for HDL-C or TG were statistically significant. Instead, qMDR identified the single locus model containing CETP rs708272 as the best model for prediction of HDL-C.
CETP is responsible for the exchange of cholesteryl esters (CE) and TG between circulating lipoproteins; specifically CETP mediates the exchange of CE and TG between HDL-C and apolipoprotein B containing molecules such as LDL-C. Inhibition of CETP activity increases plasma HDL-C levels (Hewing et al., 2012) . Alternatively, greater CETP activity increases the CE content of LDL-C, and decreases CE content of HDL-C (Esteves- Gonzales et al., 2010) .
Similar to our observations in children and adolescents, a previous study among Turkish adults showed that CETP Taq1B polymorphism associated with HDL-C levels. In a previous study of an adult Turkish cohort (n = 1585), elevated HDL-C levels associated with B2B2 genotype of Taq1B polymorphism ( p < 0.0001). After adjusting for age and sex, B2B2 individuals had 15.9% higher HDL-C levels than B1B1 individuals (Ozsait et al., 2008) .
This cross-sectional study obviously comes with limitations, given the smaller number of subjects available. Environmental risk factors (i.e., diet or physical activity) can alter epigenetic patterns, thereby partially ablating or enhancing genetic effects. Lipid level variation in children is due to multiple genes and environmental factors. Hence we performed exploratory multi-locus analysis in addition to searching for single markers with main effects. However, our data did not provide evidence for significant interactive effects.
Comparatively little is known about genetic loci affecting lipid levels in children, and despite a higher heritability in adolescents than in adults, most published studies have Berenson et al., 1981; Hickman et al., 1998) , but genetic studies of these factors in children are rare. Lipid levels are known to be substantially influenced by genetic variation, with high heritability (70%-80%) in adolescents (Middelberg et al., 2012) . Lipid levels normally change with age among children and adolescents. Association studies suggest that some of the previously identified SNPs associate differently with lipid traits in adolescents compared to adults (Middelberg et al., 2012) . The reason(s) for the inconsistency may include developmental changes in lipid levels, or greater interactions of lipids with environmental differences in adults (Middelberg et al., 2012) . Results of studies such as ours help to illuminate the relationship(s) between gene polymorphisms and their phenotypic effects; and in an era of endemic childhood obesity, this and similar studies are critical to preventing CVD throughout life.
We examined a representative sample of healthy students from Istanbul, Turkey. Turkish population sets a unique sample, since low HDL-C is reported to be more common among Turkish adults than any other population (Mahley et al, 1995; Onat et al., 1999) . Turkish children paradoxically have lower BMI, higher triglyceride, and lower HDL-C levels compared to the age and gender matched Bogalusa Heart Study population (Agirbasli et al., 2005) . The underlying reason(s) for low HDL-C and high triglycerides in Turks remain unclear. Mahley et al. (1995) reported that low HDL-C levels in the Turkish population remain even after adjustment for environmental factors such as diet and smoking. These observations suggest that genetic factors are important in determining HDL-C levels in the Turkish population starting early in life. The allelic associations found in our data are consistent with previous reports. The B2B2 genotype in CETP was associated with decreased LDL-C, reduced BMI (in girls), and increased HDL-C (in girls).
CETP is an important molecule which is on the focus of HDL-C lowering clinical trials. The B2 allele has previously been associated with higher HDL-C levels in Chinese adults (Pan et al., 2012) . In a study on children, CETP variation has contributed to the variation in HDL-C levels in Spanish prepubescent girls (Ló pez-Simó n et al., 2009). Allele frequencies are similar to those in our study. The associations obtained in this study have the same directional effect as previous studies; theB2B2 genotype of CETP was associated with favorable effects on LDL-C and HDL-C levels among children and adolescents. The allelic direction of the association was the same in different populations (Chinese or Spanish) and age groups (adults versus children) (Ló pezSimó n et al., Pan et al., 2012) . In a cohort of Greek children, Taq1B B2 allele carriers also had higher HDL-C levels ( p < 0.001) (Smart et al., 2010) .
Lipid levels are mainly stable during childhood, but vary between sexes during puberty. Studies reported that HDL-C levels decrease in boys at puberty, while remaining unchanged in girls (Garces et al., 2010; Lopez et al., 1996) . This change may be attributable to an increase in testosterone levels in boys at puberty. SHBG modulates the availability of biologically active free testosterone and estradiol and their metabolic clearance rates (Rosner et al., 1991); and Hergenc et al. (1999) reported that Turkish men and women had significantly lower levels of SHBG ( p < 0.001 in men and < 0.05 in women) compared to Germans.
We observed that the T allele of rs6257 (SHBG) decreased the odds of being in the top tenth percentile of TG measurements in boys. We previously reported that SHBG levels is an important determinant of HDL-C levels and insulin resistance in children (Agirbasli et al., 2010) and SHBG gene polymorphisms associate with circulating SHBG levels in adults (Dunning et al., 2004; Haiman et al., 2005) . SHBG gene polymorphism may modulate lipid levels in children through its effects on circulating SHBG levels.
Lessons learned
This study provides evidence for associations between CETP and SHBG SNPs with lipid levels in children. The study supports previous results from adults in the same population, and also provided evidence of gender differences (Hergenc et al.,1999; Ozsait B et al., 2008) . The information gained from this study may provide further insight into the genetic architecture of lipid profiles in Turkish children and adolescents. Although individual SNPs showed only modest effects on lipid variation, in combination, they may provide valuable information about lipid profiles (Kathiresan et al., 2008) .
Conclusions
This study suggests that genetic factors are important in determining HDL-C levels starting early in life, and our results highlight the persistence of these genetic effects even after accounting for environmental factors, such as age, HOMA-IR, and BMI, which are known to have a significant impact on lipid profiles. Our observations underscore the importance of individualized prevention programs to improve pediatric dyslipidemia-related causes of early atherosclerosis, and highlight the need for further investigation of candidate genes, CETP and SHBG, in pediatric populations. *Numbers and bar height show the difference between the global average of HDL-C and the genotype specific average of HDL-C for a given genotype. Bar width indicates proportion of data that falls within the specified genotype group.
GENETIC ANALYSIS OF LIPIDS IN CHILDREN
Future studies may identify high-order gene-gene and gene-environment interactions, related to lipid levels in children.
